Abstract. Effect of ultraviolet (UV) on the apoptotic factors p53, Bax and Bcl-2 in lens epithelial cells (LECs) was explored. Sixty SD rats were randomly divided into control group (n=12) and model group (n=48). Rats in model group were used to construct UV radiation eyeball models. Twelve rats in model group and 3 rats in control group were sacrificed at day 1, 3, 5 and 7, and the expression of p53, Bax and Bcl-2 in LECs was detected by RT-qPCR. There was no significant difference in p53 expression between model and control group on day 1 (P>0.05), while expression level of p53 was significantly higher in model than in control group at day 3, 5 and 7 (P<0.05), and the highest expression level was found on day 7 (P<0.05). Relative expression level of Bax in model group was significantly higher than that in control group (P<0.05), and the highest expression level was found on day 7 (P<0.05). On day 1, expression level of Bcl-2 in model group was significantly lower than that in control group (P<0.05), but it began to rise on day 3 but did not differ significantly from the control group (P>0.05), and was significantly higher in model than in control group on day 5 and 7 (P<0.05), and the highest expression level was observed on day 7 (P<0.05). Linear correlation analysis showed that there was a positive correlation between p53, Bax and Bcl-2 expression and UV exposure time in LEC (r=0.82, 0.90, 0.95, P<0.05). Expression levels of p53, Bax, and Bcl-2 in LEC of rats are positively correlated with the time after UV irradiation, suggesting that UV could induce apoptosis of LEC by promoting p53, Bax and Bcl-2 expression.
Introduction
UV radiation is a malignant radiation that causes inflammation in skin, aging, changes in immune system, and even severe skin tumors (1). Hirano et al (2) reported that approximately 500,000 people in the world suffered from different degrees of tissue damage in 2015 due to UV radiation. Since UV radiation is an unavoidable natural light radiation, studies on UV radiation in the clinic has attracted increasing attention. One of the main reasons for the development of cataract is UV radiation (3, 4) , and lens epithelial cell (LEC) in the human body can be easily affected by UV radiation (5, 6) . LEC strongly regulate the material metabolism of lens. LECs are extremely sensitive and fragile and apoptosis of LECs can be easily induced by UV rays, which is one of the most common pathogenesis of cataract (7). Meyer et al (8) have shown that apoptotic factors p53, Bax, and Bcl-2 are closely related to the occurrence and development of cataracts, while correlations between UV radiation and these apoptotic factors are unknown. In this study, UV irradiation SD rat model was established to explore the correlations between UV radiation and apoptotic factors in LECs. Our study provided references for future studies and clinical practices.
Materials and methods
Experimental animals. Sixty SPF 6-week-old Sprague Dawley (SD) rats (30 males and 30 females) were provided by the Animal Experimental Center of Central South University. Rearing conditions were: Room temperature (26˚C), humidity 75%, 5 rats in a cage, normal illumination, and free access to water.
Methods. SD rats were subjected to UV irradiation model construction according to the methods described by Ji et al (9) . Rats were randomly divided into 2 groups including control group (n=12) and model group (n=48). Rats in control group were normally fed, while rats in model group were subjected to UV radiation on eyeballs. All rats in model group were treated with compound tropicamide eye drops to achieve mydriasis. Anesthesia was performed using chloral hydrate via intraperitoneal injection at a dose of 300~350mg/kg, 10 min after drug administration, and eyeballs of rats were irradiated with an UV lamp (300 to 350 nm, 1.0x10 3 µW/cm 2 ) for 15 min. Twelve rats in model group were sacrificed at day 1, 3, 5, and 7, and eyeballs were dissected and lens was collected. After rinsing with physiological saline, lens capsule was isolated and 1 ml of homogenate was added. Total RNA was extracted from each group using TRIzol reagent and transcribed into cDNA Effects of UV on apoptotic factors in lens epithelial cells of an animal model using a reverse transcription kit (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA). RT-qPCR assay was performed and reaction system was configured according to the kit. Primers were designed and synthesized by Sangon Co., Ltd., (Shanghai, China). Sequences of primers are listed in Table I . PCR reaction conditions: 95˚C for 10 min, followed by 45 cycles of 95˚C for 15 sec, 65˚C for 30 sec, and 72˚C for 30 sec. β-actin was used as endogenous control and data were processed using 2 -∆∆Cq method (10) ( Table I ). The study was approved by the Ethics Committee of Renmin Hospital of Wuhan University (Wuhan, China).
Observation indicators.
Twelve rats in th model group and 3 rats in the control group were sacrificed at day 1, 3, 5 and 7, and the expression of p53, Bax and Bcl-2 in LECs was detected by RT-qPCR. Correlation of expression of p53, Bax and Bcl-2 with time after UV irradiation was analyzed.
Statistical analysis. SPSS 22.0 statistical software (IBM Corp., Armonk, NY, USA) was used process all the data. The data were expressed as mean ± standard deviation. Comparison between multiple groups was done using one-way ANOVA test followed by post hoc test (Least Significant Difference). Pairwise t-test was used for comparison between 2 groups. Correlation analysis was performed using linear correlation analysis. P<0.05 was considered to indicate a statistically significant difference.
Results

Modeling results.
Of the 48 rats in the model group, 46 were successfully modeled and the success rate of modeling was 95.83%. One rat died at day 5 and 7, respectively. Therefore, we have 12 rats in control group, 12 rats in model group on day 1, 12 rats in model group on day 3, 11 rats in model group on day 5, and 11 rats in model group on day 7. p53 expression. Differences between control and model group at all time points were statistically significant (F=148.62, P<0.01). Expression level of p53 began to rise significantly on day 3. Expression level of p53 on day 7 (9.84±1.42) was significantly higher than that on day 5, 3 and 1 and that in control (P<0.05). Expression level of p53 on day 5 (7.64±1.05) was significantly higher than that on day 3 and 1 and that in control (P<0.05). Expression level of p53 on day 3 (5.07±0.94) was significantly higher than that on day 1 and that in control (P<0.05). There was no signifi cant difference between expres-P<0.05). There was no signifi cant difference between expres-0.05). There was no significant difference between expression level of p53 on day 1 (2.37±0.48) and that in control group at the same time (P>0.05) (Fig. 1) .
Bcl-2 expression.
Differences between control and model group at all time points were statistically significant (F=179.94, P<0.01). Expression level of Bcl-2 on day 7 (4.56±0.48) was significantly higher than that on day 5, 3 and 1 and that in control (P<0.05). Expression level of Bcl-2 on day 5 (3.89±0.37) was significantly higher than that on 3 and day 1 and that in control (P<0.05). Expression level of Bcl-2 on day 3 (2.25±0.45) was significantly higher than that on day 1 but showed no significant differences to control group at the same time point (P<0.05). Expression level of Bcl-2 on day 1 (2.37±0.48) was significantly lower than that in control group at the same time (P>0.05). Linear correlation analysis showed that relative expression level of Bcl-2 was positively correlated with UV irradiation time (r=0.90, P<0.05) (Fig. 2) .
Bax expression. Differences between control and model group at all time points were statistically significant (F=4378.04, P<0.01). Expression level of Bax on day 7 (8.67±0.34) was significantly higher than that on day 5, 3 and 1 and that in control (P<0.05). Expression level of Bax on day 5 (5.62±0.08) was significantly higher than that on day 3 and 1 and that in control (P<0.05). Expression level of Bax on day 3 (2.86±0.05) was significantly higher than that on day 1 but showed no significant differences to control group at the same time point (P<0.05). Expression level of Bax on day 1 (1.94±0.10) was significantly lower than that in control group at the same time (P>0.05). Linear correlation analysis showed that relative Table I . Sequences of primers used in PCR reactions.
Genes
Reverse sequence Forward sequence
β-actin 5'-CCCATCTATGAGGGTTACGC-3' 5'-TTTAATGTCACGCACGATTTC-3' Figure 1 . p53 expression in both groups. A P<0.05, expression level of p53 was significantly higher in model group than in control group at day 3, 5 and 7; B P<0.05, expression level of p53 in model group on day 3, 5 and 7 was significantly higher than that on day 1; C P<0.05, expression level of p53 in model group on day 5 and 7 was significantly higher than that on day 3; D P<0.05, expression level of p53 in model group on day 7 was significantly higher than that on day 5. expression level of Bax was positively correlated with UV irradiation time (r=0.95, P<0.05) (Fig. 3) .
Bcl-2/Bax ratio. Bcl-2/Bax was highest on day 7 (P<0.05), followed by day 5 (P<0.05), day 3 (P<0.05), and day 1 (P<0.05). Bcl-2/Bax significantly increased with prolonged time after UV exposure (Fig. 4) .
Discussion
LEC belongs to the subcapsular monolayer epithelial cells and is the basis for maintaining normal function of the lens (11) . In addition, LEC is the driving force for the growth and differentiation of the lens, and is important for repair of the internal damage of the lens and stability of the internal environment (12) . Once the LEC is damaged, a series of systemic changes will appear in the patient's body, causing a series of eye diseases, such as eyeball congestion and cataract (12, 13) . One of the factors that can easily cause LEC damage is UV. Numerous studies have shown (14-16) that UV radiation is closely related to the occurrence of cataract. LEC apoptosis is the initiation of cataract, in which p53 has a strong ability to regulate cell growth (17) . Proteins encoded by the two genes, Bcl-2 and Bax, can form dimers and their ratio is also one of the determinants of cell survival (18) . Changes of LEC apoptotic factors under UV irradiation are not yet clear. In the present study, a rat model of UV irradiation was established to detect the expression of p53, Bax, and Bcl-2 in rat LEC. The aim was to study the effect of UV on the apoptosis of LEC, so as to provide references for clinical treatment of this disease.
Results of this experiment showed that relative expression levels of p53, Bax, and Bcl-2 in LECs of the model group were basically higher than those in control group, and p53, Bax, and Bcl-2 expression levels were positively correlated with the time after UV irradiation. p53 expression level increased with prolonged time after UV irradiation, suggesting that the longer the time after UV irradiation, the more serious the LEC apoptosis. Studies have shown that p53 is positively correlated with the severity of DNA damage (19) , and increased expression level of p53 protein can accelerate cell proliferation and makes DNA damage more serious. In this study, expression of Bax in model group was significantly higher than that in control group, and Bcl-2 expression level in LEC was positively correlated with UV irradiation time, but the relative expression level was lower in the model group than in control group at day 1. When expression level of Bax is decreased and expression level of Bcl-2 is increased, Bcl-2 will interact with Bax to inhibit apoptosis of cells. When expression level of Bax is increased and expression level of Bcl-2 is decreased, Bcl-2 will interact with Bax to prommote cell apoptosis (20) . The condition was the same as the former one on day 1, indicating that LEC is undergoing apoptosis. Therefore, UV may increase apoptosis of LEC by increasing the ratio of Bax/Bcl-2. Positive correlation between p53, Bax, Bcl-2 and UV-irradiation time indicates that when DNA is damaged, expression of p53 protein will be up-regulated, and the ratio of Bax/Bcl-2 is increased to induce LEC apoptosis, which affects patient's lens and induces a series of diseases.
Our study established a UV irradiation rat model to detect the expression of apoptosis factors in LECs. We explored the A P<0.05, expression level of Bcl-2 was significantly higher in model group than in control group at day 3, 5 and 7; B P<0.05, expression level of Bcl-2 in model group on day 3, 5 and 7 was significantly higher than that on day 1; C P<0.05, expression level of Bcl-2 in model group on day 5 and 7 was significantly higher than that on day 3; and D P<0.05, expression level of Bcl-2 in model group on day 7 was significantly higher than that on day 5. A P<0.05, expression level of Bax was significantly higher in model group than in control group at day 3, 5 and 7; B P<0.05, expression level of Bax in model group on day 3, 5 and 7 was significantly higher than that on day 1; C P<0.05, expression level of Bax in model group on day 5 and 7 was significantly higher than that on day 3; and D P<0.05, expression level of Bax in model group on day 7 was significantly higher than that on day 5. A P<0.05, Bcl-2/Bax ratio in model group on day 3, 5 and 7 was significantly higher than that on day 1; B P<0.05, Bcl-2/Bax ratio in model group on day 5 and 7 was significantly higher than that on day 3; C P<0.05, Bcl-2/Bax ratio in model group on day 7 was significantly higher than that on day 5. effect of UV on apoptotic factors in LECs. However, clinical studies are needed to further confirm our conclusions in humans. In summary, expression levels of p53, Bax, and Bcl-2 in LECs of the model group were positively correlated with UV irradiation time, suggesting that UV may induce LEC apoptosis by increasing the regulation of the expression of p53, Bax, and Bcl-2.
